Abstract: The aim of this study was to detect possible associations between respiratory pathogens from tracheal aspirate and oral biofilm samples in intubated patients in an intensive care unit (ICU), and to identify the most common respiratory pathogens in oral biofilm, particularly in patients that developed ventilator-associated pneumonia (VAP). Two oral biofilm samples were collected from the tongue of intubated patients (at admission and after 48 hours) and analyzed by culture with the Antibiotic Sensitivity Test. The results from the tongue biofilm samples were compared with the tracheal secretions samples. A total of 59.37% of patients exhibited the same species of pathogens in their tracheal aspirate and oral biofilm, of which 8 (42.1%) developed VAP, 10 (52.63%) did not develop pneumonia and one (5.26%) had aspiration pneumonia. There was a statistically significant association between presence of microorganisms in the tracheal and mouth samples for the following pathogens: Klebsiella pneumoniae, Candida albicans, Pseudomonas aeruginosa, Enterobacter gergoviae, Streptococcus spp and Serratia marcescens (p < 0.05). Pathogens that are present in tracheal aspirates of intubated patients can be detected in their oral cavity, especially in those who developed VAP or aspiration pneumonia. Thus, the results indicate that an improved oral care in these patients could decrease ICU pneumonia rates.
Introduction
The oral cavity is host to many microorganisms, bearing almost half of the entire microflora of the human body, including the most prevalent species of Streptococcus, Gemella, Eubacterium, Selenomonas, Veillonella, Actinomyces, Atopobium, Rothia, Neisseria, Eikenella, Campylobacter, Porphyromonas, Prevotella, Capnocytophaga, Fusobacterium and Leptotrichia. 1, 2, 3 The oral biofilm is a permanent reservoir of microorganisms and may determine infections in distant body sites. 4, 5, 6 Respiratory pathogens are not usually found in the oral microbiota of healthy people, but hospitalized patients are susceptible to oral biofilm colonization by these microorganisms. 7 Moreover, biofilm components can prevent the penetration of chemotherapeutic agents in the biofilm, making Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
those pathogens more resistant to antimicrobial agents and hindering their elimination. 8, 9 In addition, patients at intensive care units (ICUs) frequently exhibit poor oral hygiene, with substantial increase of the oral biofilm. 10 Ventilator-associated pneumonia (VAP) is an important cause of morbidity and mortality in ICUs. 11, 12 Recent studies have suggested that VAP may be associated with microbial colonization of dental plaque and oropharynx; however, these evaluations were conducted with different methodologies and attained no conclusive results. 4, 5, 6, 7 A high prevalence of respiratory pathogens, such as Pseudomonas spp. and Acinetobacter ssp., was found in saliva and dental biofilm of hospitalized patients. 13, 14 Significant levels of Staphylococcus aureus, Klebsiella pneumoniae and Enterobacter cloacae have also been found in the dental biofilm of ICU patients. 10 Due to the diversity of pathogens detected in the oral biofilm of patients with VAP, it is important to investigate which respiratory pathogens can colonize the oral biofilm of intubated patients in ICUs. Thus, the aim of this study was to explore possible associations between respiratory pathogens from tracheal aspirate and oral biofilm in intubated patients in an ICU and to identify the most common respiratory pathogens present in the oral biofilm, particularly in patients that develop VAP.
Methodology
This research was approved by the Ethics Research Committee of the University Hospital of Federal University of Maranhão -HUUFMA (Protocol No. 251 610). This short-term longitudinal descriptive study used a convenience sample of patients admitted to the General ICU of the "Presidente Dutra" University Hospital (HUUPD). The sample size was defined using the formula for descriptive studies, assuming a 4% rate of the variable of interest (intubated patients), a sampling error of 5%, a 90% confidence level, a study design effect of 1.0 and the total of 110 ICU patients, from a period of six months. Thus, the minimum required sample size was 31 intubated patients. Only intubated patients with tracheal secretions were included. Patients with previous episodes of gastric content aspiration, those who underwent thoracic surgery, with chronic obstructive pulmonary disease and carriers of the acquired immune deficiency syndrome virus (AIDS) were excluded 7 . The final sample was 32 patients. Two lingual biofilm samples were collected from each patient, always in the morning. The first collection was performed at admission, at the same time as the collection of tracheal aspirate samples, and the second collection was performed after exactly 48 hours. Biofilm was collected with a sterile swab and sent for immediate processing for bacterial culture using the antibiotic sensitivity test (AST). Oral sample collections were performed by a single dentist. The collection of tracheal secretion samples was performed using a suction catheter in a sterile bottle, according to the routine of the nursing staff.
The Clean and organize the setting: discard gloves, masks and gauze in the contaminated waste bin, wash hands, write a report of the procedure in the clinical file. e. NOTE 1: Always monitor the mucosa for allergy or sensitivity. f. NOTE 2: For non-cooperating patients (or with jaw trismus) ask for help from the dentist.
Oral biofilm and tracheal aspirate samples were grown on the following media: MacConkey Agar, Blood Agar, Sabouraud Agar, and BHI broth (Brain Heart Infusion). With the use of a sterile handle, the cultured samples were transferred to an oven (34.5ºC to 36.5ºC) and kept in aerobic conditions for 24 to 48 hours. After visual bacteria growth, colonies were submitted to Gram staining and viewed under the optical microscope for morphology assessment (gram-positive, gram-negative and yeast).
After, inoculums were prepared by adding microbial colonies to 3 mL of saline solution, with subsequent adjustment for the McFarland turbidity (0.5-0.63 McF for bacteria and 1.8-2.2 McF for yeast) and taken to the Vitek 2 (bioMérieu) equipment, for microbial identification using identification cards and Advanced Colorimetric TM technology.
16
Patients were monitored while in the ICU and progressed as follows: development of VAP, development of aspiration pneumonia, discharge or death. VAP was diagnosed by the medical staff based on the recent diagnostic algorithm for VAP published by the Centers for Disease Control and Prevention / National Health Care Safety Network (CDC / NHSN) in 2012. 17 The results were tabulated in an Excel spreadsheet (version 2010) and later analyzed by BioEstat statistical software version 5.3 (Optical Digital Technology, Belém, PA, Brazil). Descriptive statistics was initially performed providing absolute and relative frequencies. The Fisher's exact test was used to verify the association of a pathogen in the two different collection sites, oral biofilm and trachea. Statistical significance was set at 5% (p < 0.05).
Results
The mean age of the 32 patients was 56 years, and 59.4% were females and 40.6% males. The most common cause of hospitalizations was neurological disorders (34.4%). Of the 32 patients, 40.6% evolved to VAP and 9.4% to aspiration pneumonia, while 50% did not develop pneumonia. Only 37.5% of patients were discharged and the other 62.5% died. Of the 13 patients who developed VAP, 53.84% (seven) died. Tables 1, 2 and 3 show the distribution of the pathogens identified in the tracheal aspirate and in the two oral samples, according to the patient's pulmonology evolution. There was a decrease in the amount of species detected in the second collection (16 species) compared with the first (20 species). The second oral collection was not performed in four patients because they died within the 48 hourperiod from the first collection. Among patients who developed aspiration pneumonia, 33.3% harbored Streptococcus spp. The most frequent pathogen in patients that did not progress to pneumonia was Candida albicans, found in the tracheal aspirate (25%), and in both oral collections (25% in the first and 37.5% in the second collection).
Discussion
In recent years, studies on VAP caused by microorganisms have focused on the oropharynx and the mouth as pathogens' sources. 18 In this study, respiratory pathogens, such as Acinetobacter baumannii, Klebsiella pneumoniae and Pseudomonas aeruginosa, Table 2 . Distribution of pathogens identified in the first (at admission) oral collection of patients on mechanical ventilation in the adult intensive care unit according to the pulmonology evolution of the patient.
Pathogen
Without pneumonia Ventilator associated pneumonia Aspiration pneumonia
First oral collection n = 16 % n = 13 % n = 3 % were detected in the oral cavity of mechanically ventilated patients. This result confirms that patients in ICU may present a significant level of respiratory pathogens in their microbiota.
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Acinetobacter baumannii is the most frequently isolated bacterial species in tracheal secretion cultures of patients with VAP
19
. In the present study, a high proportion of patients who developed VAP presented Acinetobacter baumannii (30.77%) in the tracheal aspirate. However, Barbier et al 20 found that the pathogens most often associated with VAP were Staphylococcus aureus, Pseudomonas aeruginosa and Enterobacteriaceae. In our study, Pseudomonas aeruginosa and Enterobacter cloacae were also detected in patients who developed VAP, but less frequently than Acinetobacter baumannii.
At the time of hospital admission, the presence of Acinetobacter baumannii, Pseudomonas aeruginosa, Klebsiella pneumoniae and Enterobacter cloacae was observed in the oral biofilm of patients. After 48 hours, 25% of the patients developed VAP, exhibiting the same pathogens in their tracheal aspirate. These pathogens are reported in other studies as the most frequently associated with VAP. 19, 20 However, other pathogens such as Citrobacter koseri, Proteus mirabilis, Pseudomonas aeruginosa and Pseudomonas fluorescence have also been detected in both oral and tracheal samples of intubated or tracheotomy patients at ICUs
21
, indicating their important role in the pathogenesis of VAP.
22
Tracheal aspirate collection is routinely performed in patients with clinical signs of infection at admission before starting antibiotic therapy. 23, 24 An association of Klebsiella pneumoniae and Pseudomonas aeruginosa was found between tracheal aspirate and oral biofilm from the first collection only. One explanation for these findings is that the antibiotics chosen at the patient's admission, which were specific for those pathogens due to their association with VAP etiology, could have eliminated them from the oral cavity within the 48-hour interval from the first to the second collection 19, 20 . A relevant aspect of this study was the collection of oral samples in two stages: on admission and after 48 hours. Thus, the change in the oral flora between the two time-points could be evaluated, following the course of the disease. Although a quantitative analysis of individual species was not done, a small decrease in the number of species was observed from the first (20 species) to the second collection (16 species). Some studies have shown a quantitative increase of pathogens that colonize the oral biofilm of patients in ICU with time. 10, 25 However, the patients of this study had oral hygiene performed by trained nurse technicians under the supervision of a dentist, which might have decreased the reservoir of respiratory pathogens in the dental plaque between sample collections.
Although the ICU nursing staff had been calibrated for the oral hygiene of intubated patients, the absence of oral hygiene products that should be supplied by the hospital, such as chlorhexidine, may have contributed for the high number of pathogens found in the collected samples. The use of chlorhexidine in oral hygiene significantly decreases the oropharyngeal colonization with gram-negative and gram-positive microorganisms and the incidence of VAP. 26, 27, 28, 29, 30, Moreover, in our study, oral hygiene (mechanical removal of biofilm) was done twice a day at most, which may partly explain the high rate of respiratory pathogens found in the oral biofilm of patients and the high prevalence of VAP (40.6%) in the period of data collection. The chemical control of oral pathogens by 0.12% chlorhexidine seems to be more effective in preventing VAP than the mechanical removal by toothbrushing. 33 Fifty-nine percent of patients exhibited the same species of pathogens in their tracheal aspirate and oral biofilm, of which 42.1% evolved to VAP. VAP is an infection caused predominantly by aerobic microorganisms, with an unclear role of anaerobic pathogens. 34 VAP is a nosocomial infection that causes significant morbidity and mortality in ICUs and prolongs hospitalization.
Candida spp rarely lead to pneumonia. Its isolation in respiratory material is usually due to the colonization, until proven otherwise. 35 Candida colonization of the respiratory tract occurs in up to 80% of critical ICU patients, 36 ,37 unlike invasive candidiasis, which is less than 10%.
38,39
Patients who did not progress to pneumonia exhibited high Candida albicans concentration in the tracheal aspirate, as well as in the oral biofilm, especially in the second sample collection. However, in another study, Candida albicans was the most frequent microorganism detected in the tracheal aspirate of patients diagnosed with VAP after cardiac surgery. 40 Thus, it is necessary to carefully analyze the hypothesis that fungi are the 2nd most common etiological agents of VAP after gram-negative non-fermenting bacilli. 40 In our study, there was only 1 patient (7.7%) positive for Candida albicans among the 13 patients who developed VAP, suggesting that the widespread use of broad-spectrum antibiotics can lead to fungal emergence in patients with VAP. 40 This emphasizes the importance of having guidelines for Candida colonization and invasive candidiasis assessment and thus establishing early antifungal treatment, according to the diagnosis. 41 The incidence of aspiration pneumonia has been associated with dysphagia and with oral colonization by respiratory pathogens. Effective prevention for this pathology is achieved with the elimination of respiratory pathogens through oral hygiene and improvement of oral functions such as swallowing.
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In the present study, Streptococcus spp was observed in the oral biofilm and tracheal aspirate of patients with aspiration pneumonia, which confirms the theory that oral bacteria that colonize the oropharynx can be aspirated into the lower respiratory tract, particularly in individuals with high risk of infection such as hospitalized patients. Nevertheless, there is no consensus in the literature regarding the hypothesis that oral bacteria may contribute to the etiology of respiratory diseases. 43 
Conclusion
Based on the follow up of patients on mechanical ventilation in an adult ICU, this study reported on the disease evolution according to the bacteria detected in the respiratory tract and oral biofilm, in which Acinetobacter baumannii was the most common respiratory pathogen in tracheal aspirate, and Pseudomonas aeruginosa was the most common in both oral sample collections. Pathogens present in tracheal aspirates of intubated patients can be detected also in the oral cavity of these patients, especially of those who developed VAP or aspiration pneumonia. Thus, it is concluded that the oral cavity can be a reservoir of respiratory pathogens in patients under mechanical ventilation. In order to reduce rates of ICU pneumonia, a greater attention to oral hygiene and care of ICU patients is recommended.
